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LONG-TERM GOALS

The goalsof this projectare(1) to improve the algorithmsfor computationamodelingof local oceanic
regions that have significantinteractionswith their surroundingregions and (2) to simulateand un-
derstandhe controlling processe$or dynamicalcouplingand materialexchangeetweennearshore
regionsover continentashehesandadjacenbff-shoreregions.

OBJECTIVES

The objectvesof this projectare (1) to continuethe developmentof the Regional OceanicModeling

System(ROMS) with respecto its hydrodynamialgorithms physicaltransporfparameterizationgnd
rangeof representedbiogeochemicaprocesses(2) to further refine and apply its nestingcapabilities
usingadaptve open-boundargonditions(OBCs)for imposinglarge-scaldooundarydata;(3) to develop
a multi-level, multi-grid embeddingcapability in ROMS for simultaneouslycalculatingsolutionson

coarse-resolutioparent)and fine-resolution(child) grids; (4) to useROMS to investigatedynamical
couplingandmateriatransporbetweemearshoreandoff-shoreregionsalongtheNorth AmericanWest
Coast(NAWC), with specialattentionto Monterey Bay (MB), the SoutherrCaliforniaBight (SCB),and
the GLOBECNE Pacificregion off OregonandNorthernCalifornia;and(5) to useROMS to investigate
the responseof the NAWC region to remoteforcing in the Pacific basinandthe influenceof NAWC

coastalphenomenée.g., upwelling) on Pacific basin-scalgphenomena.

APPROACH

The primarydesigngoalfor ROMS is to producelimited-areahigh-resolutionyealisticcoastakimula-
tionsin anefficientmanneionparallelcomputersThetechnicalapproachs computationasimulationof
oceanidieldsfor velocity, temperatureandsalinity; chemicalconcentrationsf nutrients O,, CO,, etc.;
planktonicpopulations;and mobile sediments.ROMS is basedon the hydrostaticPrimitive Equations
in terrain-folloving curvilinear coordinateswith a free uppersurface. The boundary-alue problems
thatare our focusarefor variousregional domainsalongthe NAWC (e.g., Marchesielloet al., , 2002)
with specifiedsurfaceforcing fields andboundarydata,taken eitherfrom climatologyor from the out-
put from a whole-Racific ROMS configuration. The outermostoundarydataareimposedby adaptve
OBCs(Marchesielloet al., , 2001),andwe have developedandimplementeda hierarchicalembedding
capabilityfor the local, fine-resolutiongrid in a sub-domairwithin the coarse-resolutiogrid spanning
the entiredomain(Pervenet al., , 2002a). Key researcherat UCLA on this projectare Xavier Capet
(newly arrived), Patrick Marchesiello JamesvicWilliams, Pierrick Perven (now departed)andAlexan-
derShchepetkinaswell asMeinte Blaas,HartmutFrenzel NicholasGruber andKeith Stolzenbactior
biogeochemicahndsedimentaryssues.LaurentDebreu(LMC, Grenoble France)is a collaboratoron
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methodsof embeddedjridding.
WORK COMPLETED

ROM S Algorithmsand Submodels: Theprincipalalgorithmicdevelopmentsluringthis periodarefur-
therrefinement®f the external/baroclinianode-couplingandtime-steppingschemewith exactmaterial
conseration and substantiallyextendedtemporalstability and efficiency (Schepetkin& McWilliams,
2002b)anda new approactto calculatingpressure-gradierforce andthe compressibilityin the equa-
tion of statefor seavater basedon a reconstructiorof both the densityfield and the physical-height
z-coordinateas continuousfunctionsof the transformecdcoordinateswith subsequendéinalyticintegra-
tion (Ezeret al., , 2002;Schepetkirg& McWilliams, 2002a).We alsoaddeda message-passirgpability
into ROMS for distributed-memorymultiprocessorsas an alternatve to its previous shared-memory
parallelizationandwe arein the processof carryingthis to afully two-level hybrid parallelizationap-
propriateto distributedclustersof shared-memorynultiprocessorge.g., IBM Blue Horizonat SDSC).
We are developing a seriesof submodelswhich increasethe degree of realismin coastalmodeling.
Theseinclude a K-Profile planetaryboundarylayer (Large et al., , 1994), tides, ecosysten(nitrogen
cycle; Stolzenbactet al., , 2002), biogeochemistryfcarboncycle), 3D Lagrangiarntrajectorytracking,
andsedimentransportincluding surfacewave effects).
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Figure 1. Lagrangian trajectories
of nearsurface floats releasedin or

closeto Monterey Bay and adwected
for a month, superimpose@®n mean
seasurface height[m] for the same
month. Boundarieof the 1.5km and
5 km child gridsaremarked by black
straightlines.

36"°N

35°N -

34°N

33°N

In ROMS the governingequationsare solved usingspatialdiscretizationvheremodelvariablesare
computedat fixed points (Eulerianapproach). However, for diagnosingcirculation (e.g., drifters) as
well ashiogeochemicale.g., bioluminescenceyacersadescriptionfollowing fluid parcelscanbevery
useful(Lagrangiarapproach).To be compatiblewith embeddedyridding, our float trackingprocedures
ensurethatthe finestresolutionavailableis usedfor trajectorycomputationswe monitorfloat position
relative to grid boundariesthentransferfloatsfrom onegrid level to anotheraccordingly;we thereby
avoid exchangingnformationright attheinterfacewheremaximumdiscontinuitiesoccur To accomplish
the latter our testshave shavn that a buffer distanceequivalentto five grid cellsallows a fairly smooth
transition(Fig.??) withoutloosingtoo muchof thefine-gridcomputationabrea.

Embedded Gridding: SinceROMS is discretizedon a structuredgrid, local refinementanbe accom-
plishedvia nestedgrids. The multiple gridsinteractthrough(a) lateralboundaryconditionsfor thefine
grid suppliedby the coarse-gridsolutionand (b) revision of the coarse-gridsolutionfrom the fine grid
solutionin theareacoveredby bothgrids. (Whenonly (a)is done,it is called1-way nesting;f (b) is also
done,it is called2-way nesting.)This canbe donerecursvely over severallevelsof grid refinementWe
have now implementedhis approacltusingthe AGRIF (Adaptive Grid Refinemenin Fortran)package



(Blayo & Debreu,1999),althoughwe arenow recodingthisto beindependendf AGRIF, to allow greater
freedomin the 2-way algorithmicoptions. We have implementedhis in two NAWC configurations:a
3-level configurationfor the centralupwelling region aroundMonterey and a 4-level configurationin
the SCB. We have assessethe performanceof 1-way nestingby analyzinglengthy solutionsfor each
site (Figs. ??-??; Pervenet al., , 2002a)and are now beginning to test2-way solutions. In orderto
improve the AGRIF procedureand adaptedsomeof our submodelqtides, trajectories)to nesting,we
have madeadditionaldevelopments We have implementedadiationmethodsbasedon our experience
of openboundaryconditionsto furtherrid theinterfacebetweenrchild andparentgrids of their solution
differencedhy usingan adaptatiorof the Flatherradiationcondition(Marchesielloet al., , 2001). This
performsquite well for the external gravity wavesin the tides, and even for the baroclinicmodeand
tracerspreliminaryresultsareencouragingshaving lower levelsof discontinuityatthe grid interface.

Coastal Science and Forecast System: We have extensively analyzedohysicalandecosystensimula-
tions of the California CurrentSystem(Marchesielloet al., , 2002; Stolzenbaclet al., , 2002). Mech-
anisticstudieswere madeof the influenceof along-shorgopographideaturesn enhancingupwelling
(Songet al., , 2002) and of the responsdo variousmesoscalavind patternsusing newv scatterometer
and COAMPS analyseqPervenet al., , 2002b),aswell asto surfaceheat-andwaterflux anomalies.
The biogeochemicaiodelwasextendedfrom its original nutrient/phytoplankton/zooplanktatosys-
tempopulationdynamicsto alsoencompasabioticcarboncycling andoxygenutilization. We areusing
the Montergy and SCB embedded-gricdonfigurationgseeResults)to investigatenearshore/ofshore
dynamicalcouplingand materialtransport;sub-mesoscal@geostrophiénstability of coastaljets; and
islandwakes. We areworking with JPLto computeandanalyzedecadallyarying, Pacific-basinROMS
solutions(with 0.5 resolution)that will soonprovide OBCs for the NAWC regional modelsand ul-
timately be combinedwith them usingembeddedyridding. Finally, alsowith JPL, we have recently
proposedo ONR to develop a MB forecastingsystemusing ROMS in supportof the AOSN-II field
experimentduringthe summerof 2003.

RESULTS

Thisyearwe completedur studyof theequilibriumstructureanddynamicaimechanismsf regional
andmesoscalgariability in theCaliforniaCurrentSystem(CCS)in aUSWC(Marchesiellcet al., , 2002;
Stolzenbactlet al., , 2002). Our currentfocusis on usingembeddedyridding to investigatefiner scale
circulationsactingundertheinfluenceof the CCSandthe associatedffshore/nearshorexchangesWe
arenow examiningthe centralandsouthernCaliforniaregions,andlaterintendto make similar studies
for the GLOBEC experimentsn northernCaliforniaandAlaska.

Monterey Bay: Thenestingcapabilityhasbeenextensiely testedonthe 2-level configurationthatcov-
ersthe centralupwelling region aroundMontergy embeddednto a domainincludingthe whole USWC
at 15 km resolution,initially with only 1-way coupling(Pervenet al., , 2002a). The primary goalis to
simulatemesoscalfuctuationswell in alarge-regionalenvironmentwith computationaéfficiengy. The
recursve integrationprocedurananageshetime evolution for the child grid duringthetime stepof the
parentgrid (Fig. ??). Longtermsimulationsareconductedo obtainmean-seasonatatisticalequilibria.
Thefinal solutionshow only slight discontinuitiesat the parent-childdomainboundaryanda valid rep-
resentatiorof the upwelling structureata CPU costonly slightly greaterthanfor theinnerregionalone.
In comparisorto the parentmodelin the sameareathe child modelpreseresthelarge scalecirculation
but shows strongermeanderdongerfilaments narraver upwellingfronts,anddeepintrusionsof warm,
off-shorewater closerto the shoreline. The resultsof the child modelare comparedo the outputsof
awhole USWC modelat 5 km resolution,aswell asto two othermodelsbasedon the child grid but
employing OBCsbasedon differentclimatologicaldatasets. Eachmodelreproducegjualitatvely the
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Figure2: (Left) Temporalcouplingbetweera parentandchild grid. (Middle) Positionsof the parent(o) andchild
(.) grid pointsaroundPoint Conceptiorfor the 15+5km MB configuration.(Right) Seasurfacetemperaturdor
this 15+5+1.5km MB configurationwheretheinterfacesbetweernparentandchild gridsaremarled.

upwelling structure put a statisticalanalysisrevealsstrongdifferencesdependingon the boundarycon-
ditions. Althoughit shavs aneddyvariability about10 % to 20 % smallerthanthelarge-scalenodelat
high resolution theembeddedolutionis by far the closestto the USWC modelcomparedo the purely
local models. We now areworking with a 3-level embeddeaonfigurationof this region (Fig. ??) and
may soonimplementa 4th level with 0.5km resolution.Our primary purposés to determinetherole of
local eddiesandfronts, shapedyy the MB caryon andsurroundingcapesandridgesandcorresponding
synopticwind patternsjn regulatingthe materialtrajectoriegpassingoetweerthe shelfandthe offshore
CcCs.
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Figure3: (a) Instantaneousurfacetemperatur@ndcurrentson the child gridsin the 3-level SCB configuration;
(b) close-uparoundSantaMonica Bay for depth-intgratedtracerconcentratior20 daysafter its releaseon the
shelf; (c) Time evolution of volume-intgratedtracerconcentratior{scaledby its initial value)for 3 realizations.

Southern California Bight: The SCBformsa complex bathymetriaregion extendingfrom the coastto

4



200 km offshore. Contraryto the California coastnorth of Point Conception,it is shelteredrom the
strongupwelling-favorablewinds (Caldiera& Marchesiello,2002). As a result, the local circulation
patternsare primarily driven by the interactionbetweenbathymetryand remotelyforced currents. A
major problemin the heavily populatedSCB is coastalwaterquality. A long-termgoalis to useand
develop ROMS to ultimately allow marinescientiststo predictbeachpollution. Thelocal, small-scale
dynamicsin the SCB alsosetup anideal caseto be studiedwithin the embeddedlomains. We have
conducteda set of experimentsin a 3-level configurationin which a passve tracerwas releasedon
the SantaMonicaand SanPedroshehes(all grid pointswithin the 300 m isobath),andits subsequent
spreadingvastracked. Typical circulationregimeshave beenselectedrom the aforementioneanulti-
yearsimulations:onein which theflow throughSanPedroChannelWwasequatorvard andtwo in which
this flow was opposite(often referredto as equatorvard and polewvard push; Hickey et al., , 2002).
During the poleward pusha basin-wideanticyclonic circulationcell was presentin the SMB, whereas
duringthe equatorvard pushtheflow throughthe SMB wasmorelaminarandsluggish.Thesedifferent
flow structuresare expectedto have a significanteffect on the renaval of the shelfwaters. To quantify
this, the averageresidenceime within the SMB hasbeencalculated(Fig. ??a-c). Eddiesslow down
the flushing by retainingthe tracerin the domainuntil they leave the areaas whole, thentaking the
majority of thematerialwith them.A snapshobf thetracerconcentrationn Fig. ??b shovsthetrapping
of materialwithin the eddyat the momentit is aboutto leave the domain. Theseresultsaregenerally
consistenwith of sanitation-agencbacterialsurneys (City of L.A., 1999)andthe currentpatternsof
Hickey et al., (2002). They alsopoint out the importanceof both remoteforcing enablingthe flushing
andlocal eddiesthat effectively retainmaterialon the shelf. The modelallows usto studyfurtherthe
spatialcharacteristicef theobsereddisturbancegheirgeneratiorprocessandtheirrolein theflushing
of thebasins.

IMPACT/APPLICATIONS

The validatedtechnicalinnovationsin our evolving model are prototypesfor future improvementsin
operationalobserving-systemgata-assimilationand prediction capabilities. The scientific issuesof
nearshore/of-shorecouplingandmaterialexchangearecentralonesin coastaloceanography

TRANSITIONS

Onetangiblemeasureof the utility of our resultsis thatotherresearcherareeitherusingour evolving
ROMS code or adaptingits algorithmsfor their own code. Currentusersof our versionof ROMS
includeChaoandLi (NASA/JPL), Miller andCornuelle(S10), Moisan (NASA/Wallops),andthe MB
NOPPSCOPEteam—Chaez (MBARI), Chai(Maine), et al., . ArangoandHaidwgel (Rutgers)have
adaptednary featuredor theirversionof ROMS. In the nearfuturewe anticipateadditionaluserspartly
throughthe ONR-sponsorederrain-coordinatenodeldevelopmentproject(TOMS).

RELATED PROJECTS

Our recentventureinto coastaloceanographyow extendsinto severalrelatedprojects.We beganwith
a focuson the SCB, especiallywith regardto its water quality [a California SeaGrantproject]. We
arein themiddle of an ONR projectfor developingadwancedcomputationablgorithmsfor ROMS. We
have ajoint projectwith Chao[NASA/JPL]on usingembeddedridsin ROMS for studyingEasterrand
WesternBoundaryCurrentinteractionswith the North Pacific gyres[NASA]. We have a projectjointly
with Moisan (NASA), Miller and Cornuelle(S10), and Haidvwogel and Wilkin (Rutgers)to modelthe
coastalcarboncycle [NASA]. We arepartnersn the NOPPSCOPEprojectfor developingmodelsand
analysedor the Monteregy National Marine Sanctuary We have also submitteda proposalto ONR to
participatein the AutonomousOceanSamplingNetwork Il field experimentin summey2003.
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